A 5 nuclease TaqMan PCR was developed for the quantitative detection of the periodontopathic bacteria Actinobacillus actinomycetemcomitans and Porphyromonas gingivalis. The relative numbers of bacteria were measured by the comparative threshold cycle method. This simplified method is a way of obtaining the relative quantities of these organisms from specimens and of monitoring the effect of therapy.
and saliva samples from patients with periodontitis were prepared as described previously (15) .
The oligonucleotide primers and probes, designed by using Primer Express (version 1.5) software (Applied Biosystems, Foster City, Calif.), are listed in Table 2 . The sequences of the universal primers and a probe for a broad range of bacteria are complementary to highly conserved regions within the 16S rRNA gene (7) . The A. actinomycetemcomitans-and P. gingivalis-specific primers and probes were designed from the lktA (6) and 16S rRNA genes, respectively. The specificities of the primers and probes were confirmed by conventional PCR (Table 1) and dot blot analysis with digoxigenin-labeled probes (data not shown), respectively. Conventional PCR with universal primers amplified a DNA fragment of a similar size (68 bp) from all the strains listed in Table 1 . The fluorescent probes were dually labeled with a reporter dye (6-carboxyfluorescein [FAM] ) covalently attached at the 5Ј end and a quencher dye (6-carboxytetramethylrhodamine [TAMRA]) covalently attached at the 3Ј end. The primers used for real-time PCR were also used for conventional PCR ( Table 2 ). The conventional PCR assays used to confirm the specificities and universalities of the primers were performed as follows: 94°C for 5 min, followed by 25 cycles of 94°C for 15 s, 55°C for 30 s, and 72°C for 1 min. For each real-time PCR, 20 l of a mixture containing 1 l of lysed cells, 1ϫ TaqMan Universal PCR master mixture (Applied Biosystems), each sense and antisense primer at a concentration of 200 nM, and 250 nM TaqMan probe was placed in each well of a 96-well plate. Amplification and detection were performed with the ABI PRISM 7700 sequence detection system (Applied Biosystems) with the following cycle profile: 50°C for 2 min, 95°C for 10 min, and 60 cycles at 95°C for 15 s and 58°C for 1 min. Optimal AmpErase uracil-N-glycosylase enzyme activity requires a 2-min step at 50°C (10) . Ct is defined as the cycle at which the fluorescence becomes detectable above the background fluorescence and is inversely proportional to the logarithm of the initial number of template molecules. A standard curve was plotted for each primer-probe set by using the Ct values obtained from amplification of known quantities of DNA. To check the linearity of the detection system, solutions of lysed A. actinomycetemcomitans or P. gingivalis were amplified in successive 10-fold dilu-tions in a series of real-time PCRs so that a correlation coefficient could be calculated from the standard curve of Ct values. Detection and quantification were linear over the range of DNA concentrations examined. The quantity of DNA was linear over the range from 30 pg to 3 g per reaction mixture for both species ( Fig. 1A and 1B) . The number of A. actinomycetemcomitans or P. gingivalis DNA copies was normalized to the number of 16S rRNA gene DNA copies by the method of Biéche et al. (3), with modifications. Briefly, we measured both the species-specific (A. actinomycetemcomitans and P. gingivalis) and the controlspecific (16S rRNA gene) fluorescence for each specimen. In addition, we measured both types of fluorescence in four serial 10-fold dilutions of sample lysate. Then, we constructed standard curves for both the targets and the control for each sample. The results, expressed as the fold difference (N) in the number of target gene copies relative to the number of 16S rRNA gene copies, were determined as follows: N ϭ 2 ⌬⌬Ct ϭ 2 (⌬Ct target Ϫ ⌬Ct 16S rRNA) , where ⌬⌬Ct is ⌬Ct target minus ⌬Ct 16S rRNA and ⌬Ct is the difference in threshold cycles for target and reference. The ⌬Ct values for the sample and 16S rRNA were determined by subtracting the average Ct value for the target gene from the average Ct value for the 16S rRNA gene. This study determined the numbers of A. actinomycetemcomitans and P. gingivalis bacteria in saliva and subgingival plaque samples from 10 patients with periodontitis (Table 3) . Furthermore, conventional PCR was performed for comparison of the sensitivities of both the conventional and the real-time PCR analyses. The conventional PCR analysis was performed under the same conditions used for the real-time PCR, and the sensitivities were compared ( Table 3 ). The real-time PCR analysis was more sensitive than the conventional PCR analysis in this assay.
One way to quantify bacteria is to use absolute quantification, which requires very precise sample collection. Another way is to use relative quantification by the ⌬⌬Ct method. From a clinical perspective, analysis of the percentage of specific bacteria in a region is often required to evaluate treatment. Lyons et al. (11) pointed out the importance of relative quantification rather than determination of the absolute number of a single species in a mixed sample.
The percentages of A. actinomycetemcomitans and P. gingivalis bacteria in each subgingival plaque sample varied by a few 
on September 21, 2017 by guest http://jcm.asm.org/ orders of magnitude (Table 3) . Our results for P. gingivalis are consistent with those from a previous report (11) . . The relative fluorescence (⌬Rn) was monitored as the increase in the intensity of the reporter dye relative to the intensity of the passive internal reference dye. The threshold fluorescence, or the level at which the threshold cycle was determined, is shown. The standard curves were generated from the amplification plots in the insets (correlation coefficients, 0.997 for A. actinomycetemcomitans and 0.983 for P. gingivalis). Ct is the cycle number at which the threshold fluorescence is reached. tem might be useful both for the evaluation of treatment and for elucidation of the etiologic role of unculturable oral bacteria in periodontitis.
